Contraction parameters (time-to-peak and half relaxation time), responses to short tetani and resistance to stretch were studied in the lower leg muscles of Parkinsonian patients and in agematched controls. It was possible to distinguish between muscle groups of different fibre type composition in normal subjects on the basis of their contraction and relaxation velocities. These parameters, however, failed to show any abnormalities in the patient group. The only abnormal finding in Parkinsonian subjects was an increased resistance to passive stretch under static conditions, presumably elastic in origin. The results are evidence against a contribution of altered contractile properties to muscular rigidity in Parkinsonism.
The pathophysiology of rigidity is still controversial. Among the mechanisms thought to contribute to the tone increase in Parkinson's disease (PD) are: enhanced flexor reflexes with responses appearing also in antagonist muscles,'2 disinhibited tonic stretch reflexes3 as well as abnormal long-loop reflexes.' Current theory agrees that the lower motor neuron is the final common pathway over which rigidity is expressed. Electromyographic recordings of lower leg muscles in Parkinsonian and spastic patients during walking have, however, failed to show an increase in activity in the gastrocnemius muscle while it was stretched during the swing phase.7 In the upper extremity of Parkinsonian subjects, the neutral angle of the elbow joint has been shown to be smaller than in normal controls, and stiffness is enhanced in the absence of EMG activity.8 As a result, it has been suggested that both rigidity and spasticity arise partly from altered mechanical properties of the muscles. Lower leg muscles of patients with long-standing spasticity have indeed been shown to have some increase in plastic stiffness. 9 The actual contribution, however, of this change to the overall increase in 
Methods

Subjects
The experiments were performed on 16 Parkinsonian patients (mean age 67.8 years, male/female = 11/5) and 18 controls (mean age 63-7 years, m/f = 9/9), who had no history or clinical signs of motor abnormalities. For statistical comparison of the two groups, the two youngest normal subjects were eliminated from the control group (thus n = 16, mean age 65-4 years, m/f = 9/7). The subjects gave their informed consent to the procedures involved in the study. The patients were Grade 3 and 4 according to the Hoehn and Yahr scale. All were receiving anti-Parkinsonian treatment, including levodopa.
Experimental procedure
The subjects were seated comfortably in a chair and were instructed to relax their legs as completely as possible. One foot was strapped to a pedal which could either be locked into place or moved by a torque motor. The axis of the pedal was aligned approximately with the subject's ankle. The twitch force (later converted to ankle torque) and the resisting torque during passive movement were measured by strain-gauges registering a minimal deformation of the pedal along a breaking-line. Tension will therefore be given 4 Stiffness of stimulated muscle. The influence of low-level activation on the resistance to stretch was imitated by 10 Hz tetanic stimulation (5 pulses) of the triceps surae muscle while it was being slowly stretched at a rate of 16 deg/s of ankle dorsiflexion. The first impulse of the train was delivered 100 ms after onset of the passive movement. As a control condition, the same stretch was imposed without stimulation. Tension increase was measured as the difference between the peak tension during stretch under tetanic stimulation and (in the control runs without stimulation) the resting tension at the point where peak tension had occurred in the previous condition. In the tetanically stimulated muscle, the resistance to stretch (stiffness) was compared with the active tension by the stiffness ratio tetanic tension of stretched muscle stiff tetanic tension of resting muscle which is invariably > 1, reflecting the fact that the tetanically stimulated muscle resists stretch with a force far greater than its contractile force. Trials with superimposed shortening reactions could be identified by irregular deformations of the length-tension curve and were discarded.
Results
Normal subjects
The absolute twitch force, in our experiments, was a poorly controlled parameter and varied considerably between subjects. We must begin therefore by showing that the kinetic parameters are not dependant on twitch amplitude. This has been done by comparing TTP and HRT at the three different levels of stimulus intensity. Table 1 shows that there are no systematic changes of contraction or relaxation velocity with changes in stimulation intensity.
Both parameters of twitch duration (TTP and HRT) were significantly shorter in the tibialis anterior compared with the triceps surae (table 1) . This reflects the difference in fibre type composition: the ratio of Type I: Type II fibres is 46:54 for tibialis anterior, but between 82:18 (gastrocnemius, lateral head) and 89:11 (soleus) for the triceps surae.24 The difference was not, however, reflected in the tetanic PT at increasing frequencies.
There was a significant co-variation (r -0 75; p < 0-001) of TTP and HRT for strong twitches in the tibialis anterior, suggesting that contraction velocities are scattered over a certain range within the control group. Correlations for weak and intermediate twitches as well as for the triceps surae (all twitches) were non-significant. ns, not significant. Table 2 Contraction parameters of lower leg muscles in Parkionian patients (n = 16) and age-match normal controls (n = 16); mean (SD). PT: peak tension, TTP: timeto-peak, HR T: half-relaxation time. There are no significant differences between the groups (Wilcoxon testfor independent samples). HRT for the tibialis anterior which obviously reflects individual differences in contraction velocity within the control group. If the method is sensitive enough to detect these differences, it should also be able to record changes related to rigidity. The quantification ofpeak tension during short tetani was found to be of little use in this context and did not even reveal noticeable differences between muscle groups of different fibre type composition in normal subjects. To spare our subjects from extremely painful sustained tetanic stimulation, we confined ourselves to very brief trains of five stimuli. This is probably insufficient to reach a steady state of tetanic tension, and therefore inadequate as a means of detecting differences in tetanic fusion frequency. Our only abnormal finding in Parkinsonian patients was an increase in the resistance to passive dorsiflexion. A similar finding has been made in the upper extremities of Parkinsonian subjects, who exhibited a shift of the resting position of the elbow towards flexion and an increased resistance to stretch in the absence of EMG activity.8 In the latter case, the authors were uncertain whether to attribute these changes to the elastic structures or the contractile apparatus. In this study, we did not record EMG activity and therefore cannot exclude a neural contribution to the increased stiffness observed. Even so, our experiments did not produce any evidence for associated changes of active contraction kinetics and would therefore indirectly support the first alternative. This increase in passive elastic stiffness may be a consequence of a failure to use the whole range of joint excursions during daily life of Parkinsonian patients.
